Introduction {#sec1_1}
============

Experience and perception of emotions are essential; however, in the course of our life, they change. Thus, older adults show a preference for positive compared with negative stimuli in attention and memory \[[@B1],[@B2]\]. Therefore, in memory tasks, older adults recalled more positive than negative or neutral words \[[@B1]\]. This preference for positive stimuli is called *positivity effect*. In what follows, several reasons are given for this effect.

Carstensen \[[@B3]\] explained the effect with the socioemotional selectivity theory. She postulated that the relative importance of goals changes as a function of future time horizons. Young people have rather future-oriented goals related to gathering information and expanding horizons, which are prioritized over emotional gratification. The lifetime of older adults is limited, and so the primary goal is to obtain emotional satisfaction. Consistent with the theory, older age is associated with improved regulation of emotion, which involves the maintenance of positive affect and the decrease in negative affect \[[@B4],[@B5]\]. This could be one reason for the finding that older adults experienced negative emotions less frequently \[[@B4],[@B5]\] and positive emotions as often as \[[@B4]\] if not more frequently \[[@B6]\] in daily life compared with young adults. In addition, we know that increased arousal while learning improves the declarative memory performance \[[@B7]\]. A particular example is the vivid memory of emotionally arousing events, such as receiving the news of the death of a relative. This is called 'flashbulb memory' phenomenon \[[@B8]\].

The improvement of explicit memory through emotional arousal is mediated by the amygdala \[[@B9]\]. An enhanced activation of this region was especially shown in young adults, particularly with negative emotions \[[@B10]\]. In contrast, Mather et al. \[[@B11]\] were able to show differences in the activation of the amygdala while experiencing positive and negative emotions among healthy older adults; i.e., the activity of the amygdala was decreased when experiencing negative emotions in comparison to younger adults, while it did not change when experiencing positive emotions. This reduced activity is simultaneously associated with subjectively less experienced arousal in negative emotions as well as a worse memory of these stimuli \[[@B10],[@B11]\]. Also, in patients with Alzheimer\'s disease (AD), the amygdala appears to be partially functional. In a study by Mori et al. \[[@B12]\], a correlation between the volume of the amygdala and the emotional memory in AD was observed.

The main symptom in AD is the impairment of explicit memory. A potentially preliminary stage of AD, i.e. mild cognitive impairment (MCI), already manifests deficits in this area. Recall and recognition are affected. However, several studies showed a better memory performance if emotional stimuli are involved. For example, Ikeda et al. \[[@B13]\] found that patients with AD had a better memory performance for an earthquake than for an fMRI examination. Other authors detected a positivity effect for pictures and words \[[@B14],[@B15]\]. In contrast, Abrisqueta-Gomez et al. \[[@B16]\] did not find an emotional effect for AD. As the results show, the influence of emotions on the memory performance is not yet clear. One reason could be the different stimulus materials that were used in the studies. For example, studies with illustrated stories \[[@B17],[@B18],[@B19]\], which are associated with more arousal than plain texts, continuously revealed an effect of emotion on memory in patients with AD. It is, therefore, plausible that dementia patients need a higher degree of arousal to improve their memory performance than healthy controls. This suggests that in an emotional memory task, the experienced arousal in AD patients should be investigated. Another reason for inconsistent results may lie in the sample size, and as a consequence thereof they lack statistical power. In part, the sample size was too small to detect any memory effect \[[@B14],[@B20],[@B21]\].

Studies which investigated biological correlates show a compensatory role of emotion-related networks. Grady et al. \[[@B22]\] reported that in AD patients only better memory performance correlated with an increased activation of the left amygdala, which in turn is associated with an increased activation of regions involved in emotional processing \[cingulate, thalamus, insula, left prefrontal cortex (PFC)\]. The left PFC is associated with positive emotions, a better working with negative emotions and their suppression, while the right PFC is activated in negative emotions \[[@B23]\]. Accordingly, in an fMRI study by Grimm et al. \[[@B24]\], hypoactivity of the left PFC and hyperactivity of the right PFC in individuals with major depression were found. Thus, there are both biological reasons as well as various emotion regulations which redound to the benefit of experience and memory performance of positive emotions in healthy controls and persons with different cognitive decline.

In the present study, we investigated the influence of emotional valence on the intensity of the experience and memory performance in MCI and dementia patients and the relationship between intensity and memory performance. We used a recall and recognition test that included emotional (positive and negative) and neutral pictures and a rating for the experience aroused by the pictures. Based on the presented literature, our hypotheses were as follows: we assumed that in all groups memory performance was better for positive stimuli than for negative and neutral stimuli for both immediate and delayed recall and for recognition. Furthermore, we expected that all groups experienced the positive images as the most intensive.

Materials and Methods {#sec1_2}
=====================

Subjects {#sec2_1}
--------

A total of 165 subjects participated in the study; 56 subjects were excluded due to strong impairment of vision, hearing or speech skills. Accordingly, 109 subjects -- 84 residents of nursing homes in different parts of Baden-Württemberg and 25 patients of the Memory Clinic of the University Clinic of Heidelberg -- were included in our calculations. Clinical diagnosis was established by an experienced geriatric psychiatrist according to the criteria of age-associated cognitive decline (MCI) \[[@B25],[@B26]\] or ICD-10 criteria \[[@B27]\], respectively. On the basis of the nursing home records, 6 patients had AD and 1 patient had vascular dementia. The severity of the cognitive deficits was assessed using the Mini-Mental State Examination (MMSE) \[[@B28]\].

The clinical characteristics of the patients and controls are summarized in table [1](#T1){ref-type="table"}. As expected, the scores on the MMSE differed significantly between the four groups (F~3~ = 361.252, p \< 0.001). In contrast, age, gender, education and scores on the Geriatric Depression Scale \[[@B29]\] showed only minor, nonsignificant differences between the groups.

The study was approved by the Ethics Committee of the Medical Faculty of Heidelberg, and informed consent was obtained from all participants or their legal caregivers.

Stimuli {#sec2_2}
-------

In this study, 24 pictures of the International Affective Picture System (IAPS) \[[@B30]\], a standardized set of affective stimuli, were presented on cards. Eight of these pictures were chosen to induce positive emotions and 8 to induce negative emotions, while 8 images conferred neutral emotions. The positive and negative pictures were equally composed of similar fields (e.g., animals, people, and objects). However, the neutral pictures consisted of objects only. For each picture, a presentation period of about 5 s was given.

Procedure: Emotion Memory Task {#sec2_3}
------------------------------

### Presentation {#sec3_1}

The participants were instructed to briefly describe each picture and to memorize it. The pictures were presented in two different sequences (positive-neutral-negative vs. negative-neutral-positive) to address possible position effects. The investigators scored whether or not a participant had correctly identified a picture.

### Memory Performance {#sec3_2}

*Free Recall*. Immediately after the presentation phase, each participant was asked to recall all pictures. This procedure was repeated after 30 min to examine delayed recall. For the immediate and delayed recall, the participants were allowed 90 s at the most. The investigators recorded all pictures that were correctly remembered both during the immediate as well as the delayed recall.

*Recognition*. All participants were asked to identify the originally presented 12 pictures out of a sequence of 24 pictures (12 targets and 12 distractors matched to the targets regarding normative affective valence, normative arousal, and semantic characteristics). All pictures were presented in a random order. For each photograph, participants were instructed to respond 'yes' if they remembered the photograph from the earlier study phase and 'no' if they did not remember the photograph.

### Experience of the Picture {#sec3_3}

Following the recognition test, subjects were asked to indicate their experience, both emotional valence (which emotions were experienced) and arousal (how intensive was the emotion they experienced), with each of the 12 pictures. The emotional valence and arousal rating by the subjects was performed using a visual analogue scale (very positive -- positive -- neutral -- negative -- very negative).

For statistical analyses, the rating scale was recoded as follows: for emotional valence, 'very positive, positive' = 1, 'negative, very negative' = 2, and 'neutral' = 0, and for arousal, 'very positive, very negative' = very intensive = 2, 'positive, negative' = intensive = 1, and 'neutral' = not intensive = 0.

Statistical Evaluation {#sec2_4}
----------------------

In a first step, all clinical variables were compared between the diagnostic groups; this was done by using either analysis of variance (ANOVA) or the χ^2^ test where appropriate. In a second step, the performance on the emotional memory task was compared between the groups by calculating a 3 × 4 ANOVA with repeated measures (the between-subject factor was 'diagnosis', the within-subject factor was 'emotional valence'). For significant results, pairwise comparison by the Bonferroni or the t test with Bonferroni-Holm correction was performed. All computations were calculated using IBM SPSS Statistics 22 (German version). The significance level was set to α = 5%.

Results {#sec1_3}
=======

Presentation {#sec2_5}
------------

The accuracy of the picture description across all groups was high (positive pictures: 3.7 ± 0.6; negative pictures: 3.7 ± 0.5; neutral pictures: 3.8 ± 0.5) and did not differ significantly between picture categories (diagnosis: F~3,\ 105~ = 2.318, n.s.; emotional valence: F~2,\ 210~ = 2.742, n.s.; diagnosis × emotional valence: F~6,\ 210~ = 0.694, n.s.).

Memory Performance {#sec2_6}
------------------

### Free Recall {#sec3_4}

*Immediate Recall*. The results of the immediate recall for all groups are presented in figure [1](#F1){ref-type="fig"}. The healthy controls and MCI patients recalled an equal amount of pictures (n.s.), and more pictures than patients with mild dementia (healthy: p \< 0.001/MCI: p = 0.042) and moderate dementia (healthy: p \< 0.001/MCI: p = 0.006; diagnosis: F~3,\ 105~ = 12.529, p \< 0.001). As predicted, positive pictures were recalled in greater numbers than negative pictures (p \< 0.001), and negative pictures were recalled in greater numbers than neutral pictures (p = 0.029; emotional valence: F~2,\ 210~ = 18.216, p \< 0.001). These effects applied to all diagnostic groups (diagnosis × emotional valence: F~6,\ 210~ = 1.078, n.s.).

*Delayed Recall*. The results of the delayed recall for all groups are presented in figure [2](#F2){ref-type="fig"}. The healthy controls recalled most pictures (MCI: p = 0.002/mild dementia: p \< 0.001/moderate dementia: p \< 0.001). The MCI patients and those with mild dementia recalled an equal amount of pictures (n.s.), and more pictures than patients with moderate dementia (p = 0.005). No differences (n.s.) between patients with mild and those with moderate dementia was found (diagnosis: F~3,\ 102~ = 14.789, p \< 0.001). As predicted, positive pictures were recalled in greater numbers than negative (p \< 0.001) and neutral pictures (p = 0.001). No differences emerged between negative and neutral pictures (n.s.; emotional valence: F~2,\ 204~ = 9.297, p \< 0.001). These effects applied to all diagnostic groups (diagnosis × emotional valence: F~6,\ 204~ = 0.550, n.s.).

### Recognition Task {#sec3_5}

The results of recognition for all groups are illustrated in figure [3](#F3){ref-type="fig"}. There were significant main effects of diagnosis (F~3,\ 103~ = 16.749, p \< 0.001) and emotional valence (F~2,\ 206~ = 7.049, p \< 0.001) as well as an interaction effect (F~6,\ 206~ = 2.511, p = 0.023). The healthy controls and MCI patients recognized more positive and negative pictures than neutral ones (healthy: p \< 0.001, p \< 0.001/MCI: p = 0.003, p = 0.039). Patients with mild and moderate dementia were prone to recognize more positive pictures than negative or neutral ones, although this difference was only significant in the group with mild dementia.

### Experience of the Picture {#sec3_6}

*Emotional Valence.* As demonstrated in figure [4a](#F4){ref-type="fig"}, patients with moderate dementia experienced the pictures somewhat different than patients with mild dementia (p = 0.018). However, there were no differences between the other groups (diagnosis: F~3,\ 97~ = 3.413, p = 0.02). As predicted, negative pictures were rated as more negative than positive (p \< 0.001) and neutral pictures (p \< 0.001), and positive pictures were rated as more positive than neutral pictures (p \< 0.001; emotional valence: F~1.672,\ 162.192~ = 277.227, p \< 0.001). These effects applied to all diagnostic groups (diagnosis × emotional valence: F~5.016,\ 162.192~ = 1.984, n.s.).

*Arousal.* The results are given in figure [4b](#F4){ref-type="fig"}. Patients with moderate dementia experienced the pictures less intensively than patients with mild dementia (p = 0.009) and the controls (p = 0.049; diagnosis: F~3,\ 97~ = 3.896, p = 0.011). As predicted, overall, the positive pictures were experienced with the greatest intensity (mean = 1.67, SD = 0.51) followed by the negative and the neutral ones (emotional valence: F~1.678,\ 162.718~ = 108.687, p \< 0.001). These effects applied to all groups (diagnosis × emotional valence: F~5.033,\ 162.718~ = 0.475, n.s.).

Discussion {#sec1_4}
==========

The purpose of the present study was to explore the influence of emotional valence on the intensity of the experience and memory performance and the relationship between the intensity and memory performance in healthy controls and patients with different stages of cognitive decline. We examined subjective experience and explicit memory. As expected, patients with mild and moderate dementia remembered significantly fewer pictures than healthy controls in both recall tasks. The memory performance of patients with MCI was lower than that of healthy controls, butonly for the delayed recall. These data confirm the recall deficits frequently observed in dementia and MCI patients.

Our results confirm the hypothesized positivity effect, with positive pictures being recalled significantly better than negative or neutral ones in all groups under investigation. With respect to the healthy control group, our results are consistent with the findings by Charles et al. \[[@B1]\] who established the positivity effect in healthy middle-aged (41-53 years) and old (65-80 years), but not young (18-29 years), subjects. In contrast, studies considering patients with AD revealed rather inconclusive results. While some studies confirmed the positivity effect in AD patients \[[@B14],[@B15]\], Boller et al. \[[@B20]\] found both positive and negative stimuli to be recalled better than neutral ones. On the other hand, Kazui and colleagues \[[@B17],[@B18]\], Moayeri et al. \[[@B19]\], and Fleming et al. \[[@B31]\] described a reversed effect, with negative stimuli being preserved better than positive ones, while other authors were unable to demonstrate an emotional memory effect \[[@B16],[@B21],[@B32]\]. However, 3 of the 4 studies yielding a preferential memorization of negative material did not include positive stimuli but instead compared negative with neutral stimuli only. Furthermore, arousal levels evoked by the stimuli were not controlled for in previous studies. Hence, it cannot be excluded that the divergent memory effects reported may be explained by the fact that the respective stimuli triggered varying degrees of emotional reactions across the valence. Thus, not the emotional valence per se but rather arousal levels evoked by the respective stimuli may have influenced memory performance. To meet these methodological constraints, we used a standardized picture set, i.e. the IAPS, in which both positive and negative pictures induced similar arousal levels compared to the neutral ones (neutral pictures: mean = 2.65; pleasant pictures: mean = 6.30; unpleasant pictures: mean = 6.48) \[[@B30],[@B33]\]. Furthermore, the arousal evoked was monitored in each subject. As hypothesized, higher arousal levels were evoked by positive in comparison to negative stimuli while neutral pictures were experienced with the lowest arousal. This finding confirms and extends previous reports \[[@B14],[@B17],[@B34]\] on the intensity of experience in AD patients, which did not differentiate the stimuli according to their valence or solely focused on negative ones.

From a psychological point of view, different emotion regulation strategies are responsible for ensuring that positive pictures are experienced most intensively and remembered best. According to Carstensen \[[@B3]\], positive stimuli are preferentially selected and consequently receive increased attention and more intense arousal subsequently leading to better memory of the particular images.

An alternative regulation strategy would be the cognitive control of negative emotions. A study by Charles et al. \[[@B1]\] showed that both young and old adults consider negative pictures for a longer period of time than positive and neutral pictures. However, during the subsequent recall of images, younger adults remembered more negative pictures, while older adults recalled positive and negative pictures equally. Thus, older adults seem to cognitively control the negativity bias. However, this strategy appears to be unlikely for demented patients due to their impairment in cognitive performance.

From a biological perspective, the role of hippocampal atrophy in early AD and its association with cognitive decline is of importance \[[@B35],[@B36],[@B37]\]. Brain regions typically involved in emotional processing (e.g. cingulum, insula and parts of the PFC) are widely preserved in AD patients. Using fMRI, Saykin et al. \[[@B38]\] found an increased activation of the PFC while performing cognitive tasks in patients with AD when compared to healthy controls. Along with this, an increased activation of the PFC correlated with a better performance in semantic and episodic memory tasks indicating a compensatory role of the PFC \[[@B22]\]. Another explanation could offer the interoceptive sensitivity, which is closely connected with the intensity of emotions induced by pictures \[[@B39]\]. The required brain regions, such as the anterior insula, anterior cingulate cortex, parts of the PFC, and the somatosensory cortex, are mostly intact in AD, whereby the perception of physical signals and thus the experience and processing of emotions should be functioning properly.

In addition to the immediate and delayed recall, we also examined the recognition capacity. Our results demonstrate a higher recognition rate for healthy controls and MCI patients in comparison to both dementia groups. Contrary to our expectations, we found an emotional memory effect for both positive and negative pictures in healthy controls and MCI patients, which may refer to ceiling effects. In contrast, patients with mild and moderate dementia preferred positive stimuli in the recognition task, although this difference was only significant in the patients with mild dementia.

The ability of subjects to perceive and recognize the respective pictures as well as the rating of experience intensity have to be discussed as potential confounding variables. However, all subjects were able to correctly recognize the images. Experience intensity was protocolled on a rating scale rather than an objective measure such as the Emotional Facial Action Coding System \[[@B40]\] or skin conductance response. Several studies that have conducted such measurements found a close connection between the subjective assessment and the physical reactions in younger and older adults as well as AD patients \[[@B14],[@B41],[@B42],[@B43]\].

In summary, our study clearly confirms the positivity effect on the immediate and delayed recall of pictures in a large sample which also includes patients with MCI and patients with moderate dementia. This effect is linked to a more intense experience but not a more precise recognition of positive rather than negative or neutral pictures. These results may not only facilitate our understanding of memory deficits in MCI and dementia patients but they may also have the potential to be applied in clinical care. With progression of the disease, patients with dementia rely more on nonverbal, emotional aspects of communication as speech and language comprehension are more and more affected. In an independent study, Knebel \[[@B44]\] found that AD patients could more precisely identify a positive gesture (waving hello) than a negative gesture (tapping one\'s forehead). From a clinical standpoint, our findings may stimulate longitudinal studies on the effects of cognitive training by using emotionally positive training materials or by embedding training measures in an emotionally reassuring environment.
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![**a** Mean and standard deviation for the experience of positive, negative, and neutral pictures considering healthy controls, MCI and both dementia groups. Neutral experience was coded as 0, positive as 1 and negative as 2. **b** Mean and standard deviation for the intensity of the experience of positive, negative, and neutral pictures considering healthy controls, MCI and both dementia groups. The lowest intensity was coded as 0, the middle intensity as 1 and the highest intensity as 2.](dee-0005-0233-g04){#F4}

###### 

Clinical characteristics, MMSE and GDS scores across diagnostic groups (total: n = 109)

  Characteristic     Healthy controls (n = 28)   MCI (n = 32)          Mild dementia (n = 27)   Moderate dementia (n = 22)
  ------------------ --------------------------- --------------------- ------------------------ ----------------------------
  Age, years         72.6 ± 10.4                 78.4 ± 17.1           75.6 ± 11.1              81.7 ± 8.8
  Sex, n                                                                                        
   Female            16                          24                    15                       16
   Male              12                          8                     12                       6
  Education, years   12.9 ± 3.4                  12.5 ± 3.4            12.9 ± 3.5               11.4 ± 3.4
  MMSE (range)       28.2 ± 0.9 (27--30)         24.9 ± 0.9 (24--26)   21.7 ± 1.3 (19--23)      14.8 ± 2.7 (7--18)
  GDS (range)        2.9 ± 2.9 (0--14)           3.3 ± 2.8 (0--11)     3.6 ± 2.9 (0--10)        3.8 ± 3.5 (0--11)

GDS = Geriatric Depression Scale.
